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(57) ABSTRACT

A memory controller is connected to a double-data-rate
dynamic random access memory (DDR DRAM) and an
accessing unit. The memory controller includes: a process-
ing unit, configured to receive a system address generated by
the accessing unit; and a mapping unit, located in the
processing unit, configured to convert the system address to
a memory address and transmitting the memory address to
the DDR DRAM. When a burst length of the DDR DRAM
is L and [.=2* (where L and x are positive integers), an
(x+1)? bit of the memory address from a least significant bit
(LSB) is included in a bank group address of the memory
address.

18 Claims, 6 Drawing Sheets

Determining parameters of DDR4 memory, including Rn-bit
row address, Bn-bit bank address, Gn-bit bank group addrass
and Cn-bit column address

1

8404
Determining burst length of DDR4 memory to be L, where L=2|

1

Setting bits [(x-1:0)] bits of system address as first-part column
address COLI(x-1)0}

1-S406

1

Setting bits [{x+Gn-1):x] of system address as bank group
address BG[GN-1:0]

1]

Setting bits [(Cn+Gn-1):(x+Gnj] of system address as second-
part column address COL[Ch-1:x]

}-S410

!

Setting bits [(CN+Gri+Bn-1)-(Cn+Gn)] of system address as
bank address BA[Bn-1:0]

!

Setting bits [(Cr+Gn+Bn+RN-13:(Cr+Gn+Bn)] of system
address as row address ROWRn-1:0]

1-s414




U.S. Patent Aug. 23,2016 Sheet 1 of 6 US 9,424,902 B2

s 102
~ 110 —~ 120
I/ 7
accessing ;
: < e 114
unit 112 .
’ processing unit
/ 104 » DDR4 memory
T X ot address
. < g arbltrgtaon <> mapping unit >
acces§|ng unit DDR4
unit . 7 v memory
116
’ memory controller
106 i
accessing
. S
unit

FIG. 1



U.S. Patent Aug. 23,2016 Sheet 2 of 6 US 9,424,902 B2

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T

CLK __/ / / / /
cMD (Write0X Nop X NOP X_NoPX NoP Y _NoP X Write TX_NOP X_NOP X NOP XWirite2X NOP X__

BG (a0 ¥ X X X X X(bg0 X X X Xhaf X X
BA (X X X XX X XXX X X X
cou (X O X X} X O o X X

) tCCD_L=6 (CLK) "o tCCD_S=4 (CLK)

FIG. 2

MSB LSB

system address

DDR4 memory
address

ROW [Rn-1:0] = BA [Bn-1:0] x BG [Gn-1:0] © COL [Cn-1:0]

FIG. 3



U.S. Patent

Aug. 23, 2016 Sheet 3 of 6

US 9,424,902 B2

Determining parameters of DDR4 memory, including Rn-bit '
row address, Bn-bit bank address, Gn-bit bank group address

and Cn-bit column address

—S5402

A 4

Determining burst length of DDR4 memory to be L, where L=2*

- 5404

\ 4

Setting bits [(x-1:0)] bits of system address as first-part column
address COL[(x-1):0]

-S406

A 4

Setting bits [(x+Gn-1):x] of system address as bank group
address BG[Gn-1:0]

15408

Y.

Setting bits [(Cn+Gn-1):(x+Gn)] of system address as second-
part column address COL[Cn-1:x]

—-S410

\ 4

S412

Setting bits [(Cn+Gn+Bn-1):(Cn+Gn)] of system address as
bank address BA[Bn-1:0]

Y

Setting bits [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] of system
address as row address ROW[Rn-1:0]

1 -S414

FIG. 4



U.S. Patent Aug. 23,2016 Sheet 4 of 6 US 9,424,902 B2

Configuration 4Gb x 4
Bank BG address BGO~BG1 Gn=2
address| ga address BAO~BA1 Bn=2
Row address AQ0~A17 Rn=18
Column address A0~AZ Cn=10
FIG. 5A
MSB 1 LSB
system address [31:14] ; [13:12] [11:5] [4:3] [2:0]
DDR4 memory ) : ) . ': . I .
address ROW [17:0] : BA [1:0] ‘ COL[9:3] . BG [1:0] | COL [2:0]

FIG. 5B



U.S. Patent Aug. 23,2016 Sheet 5 of 6 US 9,424,902 B2

Determining parameters of DDR4 memory address, f —S602

including Rn-bit row address, Bn-bit bank address, Gn-bit
bank group address and Cn-bit column address

v

Determining burst length of DDR4 memory to be L, where
L=2x

- S604

X +—S606

Setting bits [(x-1):0] of system address as first-part column
address COL[(x-1):0]

v

Setting bits [(x+y-1):x] of system address as first-part bank
group address BG[y-1:0]

v

Setting bits [(Cn+y-1):(x+y)] of system address as second-
part column address COL[Cn-1:x]

v

Setting bits [(Cn+Gn-1):(Cn+y)] of system address as second-|
part bank group address BG[Gn-1:y]

- S608

| -S610

| -S612

Y - S614
Setting bits [(Cn+Gn+Bn-1):(Cn+Gn)] of system address as
bank address BA[Bn-1:0]

v

Setting bits [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] of system
address as row address ROW[Rn-1:0]

15616

FIG. 6



U.S. Patent Aug. 23,2016 Sheet 6 of 6 US 9,424,902 B2

MSB | ; LSB

systemaddress|  [31:14] ¢ [(1312]  [11] . [104] | [3] [2:0]

DDR4 memory
address

ROW [17:0] | BA [1:0] BG[1] = COL[9:3] BG[0] COL[2:0]

FIG. 7



US 9,424,902 B2

1
MEMORY CONTROLLER AND ASSOCIATED
METHOD FOR GENERATING MEMORY
ADDRESS

This application claims the benefit of Taiwan application
Serial No. 102111928, filed Apr. 2, 2013, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a memory controller,
and more particularly to a memory controller applied to a
double-data-rate dynamic random access memory (DDR
DRAM).

2. Description of the Related Art

A double-data-rate dynamic random access memory
(DDR DRAM), featuring a fast access speed and low costs,
is a common temporary data storage component in a com-
puter system or in an electronic device. With the continual
evolvement of DDR DRAM, current computer systems or
electronic devices are mostly equipped with a DDR genera-
tion-3 (DDR3) DRAM. An accessing unit, such as a central
processing unit (CPU), a graphic processing unit (GPU) or
other peripheral element, requires a memory controller to
access the DDR3 DRAM.

With the progressing development of memory technolo-
gies, a DDR generation-4 (DDR4) DRAM has become
available. However, memory address configurations of the
DDR3 DRAM and the DDR4 DRAM are different. For
example, a DDR3 DRAM address includes a bank address,
a row address and a column address. According to the DDR4
DRAM specification, a DDR4 DRAM address includes a
bank address, a bank group address, a row address and a
column address. That is, compared to the DDR3 DRAM
address, the DDR4 DRAM address additionally includes the
bank group address.

Further, based on the DDR4 DRAM specification, there
are more parameters that limit data access. Thus, in a DDR4
DRAM system, a memory controller needs a novel method
for generating a memory address to effectively utilize the
DDR4 DRAM.

SUMMARY OF THE INVENTION

A memory controller is provided by the present invention.
The memory controller, connected to a double-data-rate
dynamic random access controller (DDR DRAM) and an
accessing unit, includes: a processing unit, configured to
receive a system address generated by the accessing unit;
and a mapping unit, located in the processing unit, config-
ured to convert the system address to a memory address and
forwarding the memory address to the DDR DRAM. A burst
length of the DDR DRAM is set to be L. and =27, and an
(x+1)” bit from a least significant bit (LSB) of the memory
address is included in a bank group address of the memory
address, where L and x are positive integers.

A method for generating a memory address is further
provided by the present invention. The method, for address-
ing a DDR DRAM, includes: determining parameters of a
memory address associated with the DDR DRAM, the
parameters including an Rn-bit row address, a Bn-bit bank
address, a Gn-bit bank group address, and a Cn-bit column
address; determining a burst length of the DDR DRAM as
L, where L.=2%; setting [(x—1):0] bits in a received system
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address as a first-part column address COL[(x-1):0]; and
setting an [x] bit of the system address to be included in the
Gn-bit bank group address.

A method for generating a memory address for addressing
a DDR DRAM is further provided by the present invention.
The method includes: determining a memory address of the
DDR DRAM, the memory address including a bank group
address; determining a burst length of the DDR DRAM as
L, where [=2"; receiving a system address; and setting an
(x+1)” bit from a least significant bit (LSB) of the system
address to be included in the bank group address of the
memory address.

The above and other aspects of the invention will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a system of a DDR4
DRAM according to an embodiment of the present inven-
tion;

FIG. 2 is a schematic diagram of associated signals when
a memory controller sends out write instructions;

FIG. 3 is a schematic diagram of a mapping unit convert-
ing a system address to a DDR4 memory address;

FIG. 4 is a flowchart of a method for generating a DDR4
memory address according to an embodiment of the present
invention;

FIG. 5A and FIG. 5B are an address table of a 16 GB
DDR4 memory formed by four 4 GB dies, and a schematic
diagram of a DDR4 memory address generated according an
embodiment of the present invention;

FIG. 6 is a flowchart of a method for generating a DDR4
memory address according to an embodiment of the present
invention; and

FIG. 7 is a schematic diagram of a DDR4 memory address
generated according an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a schematic diagram of a memory access
system.

In FIG. 1, a DDR4 memory is taken as an example, and
other DDR DRAMs may also be applied. A memory con-
troller 110 is connected to multiple accessing units 102, 104
and 106, and a DDR4 memory 120. Each of the accessing
units 102, 104 and 106 accesses data from the DDR4
memory 120 via the memory controller 110.

The memory controller 110 includes an arbitration unit
112 and a processing unit 114. The processing unit 114
includes a mapping unit 116. As shown in FIG. 1, the
arbitration unit 112 is connected to all of the accessing units
102, 104 and 106, and arbitrates the access priority to the
DDR4 memory 120 for the accessing units 102, 104 and
106.

For example, when the arbitration unit 112 determines
that the accessing unit 102 has permission to access the
DDR4 memory 120, a read instruction and a system address
generated by the access unit 102 are transmitted to the
processing unit 114. The mapping unit 116 in the processing
unit 114 converts the system address into a memory address
compliant to the specification of the DDR4 memory 120,
and then transmits the read instruction and the memory



US 9,424,902 B2

3

address to the DDR4 memory 120. The DDR4 memory 120
retrieves data according to the memory address, and for-
wards the retrieved data to the accessing unit 102 via the
memory controller 110 to complete a current read transac-
tion.

Similarly, when the accessing unit 102 wishes to write
data, a write instruction, a system address and data are
transmitted to the processing unit 114. After the mapping
unit 116 in the processing unit 114 converts the system
address into a memory address, the processing unit 114
forwards the write instruction, the memory address and the
data to the DDR4 memory 120. The DDR4 memory 120
records the data according to the memory address to com-
plete a current write transaction.

It is known from the above description, after the mapping
unit 116 receives the system address, the system address
needs to be first converted into a memory address that is then
forwarded to the DDR4 memory 120. The DDR4 memory
120 completes the transaction according to the memory
address and the instruction.

According to the DDR4 memory specification, a DDR4
memory address includes a bank address, a bank group
address, a row address and a column address. When suc-
cessively accessing data, an interval between time points at
which instructions are sent out is restricted by tCCD_L and
tCCD_S parameters. That is to say, when the memory
controller 110 successively sends out two read or write
instructions to the DDR4 memory 120, a time interval
tCCD_L is required between the two instructions if the two
corresponding bank group addresses in the memory address
are the same. On the other hand, when the memory control-
ler 110 successively sends out two read or write instructions
to the DDR4 memory 120, a time interval tCCD_S is
required between two instructions if the two corresponding
bank group addresses in the memory address are different.
Wherein, tCCD_L>tCCD_S. In the description below,
tCCD_L is exemplified by a period of 6 clocks (6T), and
tCCD_S is exemplified by a period of 4 clocks (4T) for
explanation purposes.

FIG. 2 shows a schematic diagram of associated signals
when the memory controller 110 sends out write instruc-
tions. It is assumed that the memory controller 110 is to send
out three write instructions Write0, Writel and Write2, the
instruction Write0 corresponds to the bank group address
(BG) bgl in the memory address, the instruction Writel
corresponds to the bank group address (BG) bg0 in the
memory address, and the instruction Write2 corresponds to
the bank group address (BG) bgl in the memory address.

As shown in FIG. 2, the write instruction Write0 gener-
ated at the time point TO corresponds to the memory group
address (BG) bg0. As the instruction Writel also corre-
sponds to the bank group address (BG) bg0, according to the
specification of tCCD_L, the memory controller 110 gener-
ates the instruction Writel at the time point T6, and between
the time points T0 and T6 is a no-operation (NOP) period.
Further, as the instruction Write2 corresponds to the bank
group address (BG) bgl, according to the specification of
tCCD_S, the memory controller 110 generates the instruc-
tion Write2 at the time point T10, and between the time
points T6 and T10 is a no-operation (NOP) period. It is
apparent that, the instructions WriteO and Writel are spaced
by 6 clocks (6T), and the instructions Writel and Write2 are
spaced by only 4 clocks (4T).

It is known from the above description, the utilization
efficiency of the DDR4 memory gets higher when a change
occurs in the bank group address (BG) as successively
instructions are written. Conversely, the utilization effi-
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ciency of the DDR4 memory gets lower when no change
occurs in the bank group address (BG) as successive instruc-
tions are written.

Similarly, an interval between time points at which read
instructions are sent out is also restricted by tCCD_L and
tCCD_S parameters, and associated details are omitted
herein.

FIG. 3 shows a schematic diagram of the mapping unit
116 converting a system address into a memory address of
a DDR4 memory. In general, after the mapping unit 116
receives the system address of an accessing unit, the system
address is divided into four parts from a most significant bit
(MSB) to a least significant bit (LSB) according to the
DDR4 memory specification, and the four divided parts are
sequentially utilized as a row address (ROW), a bank
address (BA), a bank group address (BG), and a column
address (COL). In FIG. 3, the DDR4 memory address
includes an Rn-bit row address (ROW[Rn-1:0]), a Bn-bit
bank address (BA[Bn-1:0]), a Gn-bit bank group address
(BG[Gn-1:0]), and a Cn-bit column address (COL[Cn-1:
oD.

However, when the mapping unit 116 of the memory
controller 110 generates the DDR4 memory address accord-
ing to the method in FIG. 3, the utilization efficiency of the
DDR4 memory is severely lowered as the DDR4 memory
address is successively accessed. One reason for such occur-
rence is that, the successively accessed DDR4 memory
address only causes the column address (COL[Cn-1:0]) to
change while leaving the bank group address (BG[Gn-1:0])
unchanged. Therefore, when the memory controller 110
accesses the successive DDR4 memory address, the utiliza-
tion efficiency of the DDR4 memory is lowered due to the
restriction posed by the tCCD_L parameter.

In the present invention, the method that the mapping unit
116 generates the DDR4 memory address is changed under
the architecture in FIG. 1. As such, a restriction is posed by
only the tCCD_S parameter when the memory controller
110 accesses the successive DDR4 memory address, and the
utilization efficiency of the DDR4 memory can thus be
effectively enhanced. Associated details are given below.

FIG. 4 shows a method for generating a DDR4 memory
address according to a first embodiment of the present
invention. In step S402, parameters of the DDR4 memory
address are determined, including the Rn-bit row address,
the Bn-bit bank address, the Gn-bit bank group address, and
the Cn-bit column address, where Rn, Bn, Gn and Cn are
positive integers. In step S404, a burst length of the DDR4
memory is determined to be L, where =2". In general, the
burst length L of the DDR4 memory may be set to 8 or 4,
and x is then 3 or 2. That is, L. and x are positive integers
greater than 0.

In step S406, bits [(x-1):0] of the system address are set
as a first-part column address COL[(x-1):0]. In step S408,
bits [(x+Gn-1):x] of the system address are set as the bank
group address BG[Gn-1:0]. In step S410, bits [(Cn+Gn-1):
(x+Gn)] of the system address are set as a second-part
column address COL[Cn-1:x]. In step S412, bits [(Cn+Gn+
Bn-1):(Cn+Gn)] of the system address are set as the bank
address BA[Bn-1:0]. In step S414, bits [(Cn+Gn+Bn+Rn-
1):(Cn+Gn+Bn)] of the system address are set as the row
address ROW[Rn-1:0]. That is to say, according to the
above method, the mapping unit 116 may translate the
system address into the DDR4 memory address, which is
arranged from the MSB to the LSB as ROW[Rn-1:0],
BA[Bn-1:0], COL[Cn-1:x], BG[Gn~-1:0], and COL[(x-1):
0].
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FIG. SA and FIG. 5B are an address table of a 16 GB
DDR4 memory formed by four 4 GB dies, and a schematic
diagram of a DDR4 memory address generated according
the first embodiment of the present invention. Fundamen-
tally, the 16 GB DDR4 memory may also be formed by eight
2 GB dies or sixteen 1 GB dies. With different compositions,
the numbers of the row address, column address, bank group
address and bank address may be different. In the description
below, a 16 GB DDR4 memory formed by four 4 GB dies
is taken as an example for explaining the present invention,
not limiting the present invention.

According to the DDR4 memory specification, param-
eters of the address of the 16 GB DDR4 memory formed by
four 4 GB dies are known. More specifically, the DDR4
memory needs a row address having 18 bits from A0 to A17
(Rn=18), a column address having 10 bits from A0 to A9
(Cn=10), bank group addresses BG0 and BG1 having a total
of 2 bits (Gn=2), and bank addresses BA0 and BA1 having
a total of 2 bits (Bn=2). Further, it is assumed that the burst
length of the DDR4 memory is set to 8, where 8=2" and x=3.

As shown in FIG. 5B, bits [2:0] (i.e., [(x-1):0]) of the
system address are set as the firs-part column address
COL[2:0] (i.e., COL[(x-1):0]) of the DDR4 memory
address, bits [4:3] (i.e., [(x+Gn-1):x]) of the system address
are set as the bank group address BG[1:0] (i.e., BG[(Gn-
1):0]) of the DDR4 memory address, bits [11:5] (i.e., [(Cn+
Gn-1):(x+Gn)]) of the system address are set as the second-
part column address COL[9:3] (i.e., COL[(Cn-1):x]) of the
DDR4 memory address, bits [13:12] (i.e., [(Cn+Gn+Bn-1):
(Cn+Gn))) of the system address are set as the bank address
BA[1:0] (i.e., BA[(Bn-1):0]) of the DDR4 memory address,
and bits [31:14] (i.e., [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)])
of'the system address are set as the row address ROW[17:0]
(i.e., ROW[(Rn-1):0]) of the DDR4 memory address. Thus,
the DDR4 memory address generated by the mapping unit
116 is arranged from the MSB to the LSB as ROW[17:0],
BA[1:0], COL[9:3], BG[1:0], and COLJ[2:0].

In the embodiment, as the burst length of the DDR4
memory is 8, when the memory controller 110 accesses the
successive DDR4 memory address, the 47 bit from the LSB
of the DDR4 memory address, i.e., the (x+1)? bit, continues
changing. The 47 bit is included in the bank group address
BG[1:0]. When the memory controller 110 accesses the
successive DDR4 memory address, the bank group address
BGJ[1:0] continues changing such that the instructions gen-
erated by the memory controller 110 are restricted by only
the tCCD_S parameter, thereby effectively enhancing the
utilization efficiency of the DDR4 memory.

With the above description, a method and apparatus for
generating a DDR4 memory address are disclosed by the
present invention. When the burst length of a DDR4
memory is L and L=2%, the mapping unit 116 sets the (x+1)"”
bit from the LSB of the system address as the (x+1)” bit
from the LSB of the DDR4 memory address, and the (x+1)”
bit is included in the bank group address. Thus, when the
memory controller 110 accesses the successive DDR4
memory address, the instructions generated by the memory
controller 110 are restricted by only the tCCD_S parameter,
thereby effectively enhancing the utilization efficiency of the
DDR4 memory.

FIG. 6 shows a method for generating a DDR4 memory
address according to a second embodiment of the present
invention. In step S602, parameters of the DDR4 memory
address are determined, including the Rn-bit row address,
the Bn-bit bank address, the Gn-bit bank group address, and
the Cn-bit column address. In step S604, a burst length of the
DDR4 memory is determined to be L, where =27
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In step S606, bits [(x-1):0] of the system address are set
as a first-part column address COL[(x-1):0]. In step S608,
bits [(x+y-1):x] of the system address are set as a first-part
bank group address BG[y-1:0], where y is a positive integer
greater than 0 and smaller than or equal to Gn. In step S610,
bits [(Cn+y-1):(x+y)] of the system address are set as a
second-part column address COL[Cn-1:x]. In step S612,
bits [(Cn+Gn-1):(Cn+y)] of the system address are set as a
second-part bank group address BG[Gn-1:y]. In step S614,
bits [(Cn+Gn+Bn-1):(Cn+Gn)] of the system address are set
as a bank address BA[Bn-1:0]. In step S616, bits [(Cn+Gn+
Bn+Rn-1):(Cn+Gn+Bn)] of the system address are set as a
row address ROW[Rn-1:0].

According to the above approach, the mapping unit 116
translates the system address into the DDR4 memory
address, arranging from the MSB to the LSB into ROW
[Rn-1:0], BA[Bn-1:0], BG[Gn-1l:y], COL[Cn-1:x],
BG[y-1:0], and COL[(x-1):0].

FIG. 7 shows a schematic diagram of a DDR4 memory
address generated according to the second embodiment of
the present invention. The DDR4 memory address in FIG. 7
is generated according to an addressing table of the 16 GB
DDR4 memory formed by four 4 GB dies in FIG. 5A.

Similarly, according to the specification of the DDR4
memory in FIG. 5A, parameters of the address of the 16 GB
DDR4 memory formed by four 4 GB dies are known. More
specifically, the DDR4 memory needs a row address having
18 bits from A0 to A17 (Rn=18), a column address having
10 bits from A0 to A9 (Cn=10), bank group addresses BG0
and BG1 having a total of 2 bits (Gn=2), and bank addresses
BAO and BA1 having a total of 2 bits (Bn=2). Further, it is
assumed that the burst length of the DDR4 memory is set to
8, where 8=2" and x=3.

Wheny is equal to 1, as shown in FIG. 7, bits [2:0] of the
system address are set as a first-part column address COL
[2:0] of the DDR4 memory, bit [3] of the system address is
set as the bank group address BG[0] of the DDR4 memory,
bits [10:4] of the system address are set as a second-part
column address COL[9:3] of the DDR4 memory, bit [11] of
the system address is set as the bank group address BG[1] of
the DDR4 memory, bits [13:12] of the system address are set
as the bank address BA[1:0] of the DDR4 memory, and bits
[31:14] of the system address are set as the row address
ROW[17:0] of the DDR4 memory. In the embodiment, the
DDR4 memory generated is arranged from the MSB to the
LSBas ROW[17:0], BA[1:0], BG[1], COL[9:3], BG[0], and
COL[2:0].

According to the second embodiment of the present
invention, in the DDR4 memory address, the 4™ bit from the
LSB, i.e., the (x+1)” bit, continues changing. The (x+1)* bit
is included in the bank group address BG[1:0]. Therefore,
when the memory controller 110 accesses the successive
memory address, the bank group address BG[1:0] continues
changing such that the instructions generated by the memory
controller 110 are restricted by only the tCCD_S parameter,
thereby effectively enhancing the utilization efficiency of the
DDR4 memory.

In the second embodiment of the present invention, when
y is set to 2, the DDR4 memory address generated is as
shown in FIG. 5B, and associated details shall be omitted
herein.

In the present invention, during the process that the
mapping unit 116 converts the system address into the
DDR4 memory address, the DDR4 memory address, starting
from the (x+1)” bit from the LSB, is mapped into the bank
group address. Thus, the utilization efficiency of the DDR4
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memory is effectively enhanced when the memory controller
accesses the successive DDR4 memory address.

In the present invention, at other addresses of the DDR4
memory address, e.g., the row address or the bank address,
the object of enhancing the utilization efficiency of the
DDR4 memory may also be achieved through a method
other than the arrangement methods in FIGS. 5B and 7. In
other words, in the first embodiment in FIG. 4, the arrange-
ment of the address subsequent to step S410 may be appro-
priately modified. Similarly, in the second embodiment in
FIG. 6, the arrangement of the address subsequent to step
S610 may also be appropriate modified to similarly achieve
the object of the present invention.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited thereto. On
the contrary, it is intended to cover various modifications
and similar arrangements and procedures, and the scope of
the appended claims therefore should be accorded the broad-
est interpretation so as to encompass all such modifications
and similar arrangements and procedures.

What is claimed is:

1. A memory controller, connected to a double-data-rate
dynamic random access memory (DDR DRAM) and an
accessing unit, comprising:

a mapping unit, configured to convert a system address
generated by the accessing unit into a memory address
and to transmit the memory address to the DDR
DRAM,;

wherein, a burst length of the DDR DRAM is L and [.=2%,
an (x+1)” bit from a least significant bit (LSB) of the
memory address is in a bank group address, and L. and
X are positive integers.

2. The memory controller according to claim 1, further

comprising:

a processing unit, configured to receive the system
address generated by the accessing unit;

wherein, the mapping unit is located in the processing
unit.

3. The memory controller according to claim 2, further

comprising:

an arbitration unit, connected to the accessing unit;

wherein, when the arbitration unit determines the access-
ing unit is permitted to access the DDR DRAM, the
accessing unit generates an access instruction and the
system address to the processing unit.

4. The memory controller according to claim 1, wherein

the DDR DRAM is a DDR generation-4 (DDR4) DRAM.

5. The memory controller according to claim 1, wherein
the mapping unit translates the system address into a row
address, a bank address, the bank group address and a
column address that form the memory address.

6. A method for generating a memory address, applied to
a DDR DRAM, comprising:

determining parameters of a memory address associated
with the DDR DRAM, the parameters comprising an
Rn-bit row address, a Bn-bit bank address, a Gn-bit
bank group address, and a Cn-bit column address;

determining a burst length of the DDR DRAM to be L,
where L=2";

setting [(x-1):0] bits of a received system address as a
first-part column address COL[(x -1):0]; and

setting an [x] bit of the system address to be comprised in
the Gn-bit bank group address;

wherein, Rn, Bn, Gn, Cn, L and x are positive integers.
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7. The method according to claim 6, further comprising:

setting [(x+Gn-1):x] bits of the system address as the
Gn-bit bank group address BG[Gn-1:0].

8. The method according to claim 7, further comprising:

setting [(Cn+Gn-1):(x+Gn)] of the system address as a
second-part column address COL[Cn -1:x];

setting [(Cn+Gn+Bn-1):(Cn+Gn)] bits of the system
address as the Bn- bit bank address BA[Bn-1:0];

setting [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] bits of the
system address as the Rn-bit row address ROW[Rn-
1:0]; and

arranging the memory address from an MSB to an L.SB as
the Rn-bit row address ROW[Rn-1:0], the Bn-bit bank
address BA[Bn-1:0], the second-part column address
COL[Cn-1:x], the Gn-bit bank group address BG[Gn-
1:0], and the first-part column address COL[(x-1):0].

9. The method according to claim 6, further comprising:

setting [(x+y-1):x] bits of the system address as a first-
part bank group address BG[y-1:0], where y is a
positive integer smaller than or equal to Gn.

10. The method according to claim 9, further comprising:

setting [(Cn+y-1):(x+y)] bits of the system address as a

second-part column address COL[Cn-1:x];

setting [(Cn+Gn-1):(Cn+y)] bits of the system address as

a second-part bank group address BG[Gn-1:y];
setting [(Cn+Gn+Bn-1):(Cn+Gn)] of the system address
as the Bn-bit bank address BA[Bn-1:0];
setting [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] bits of the
system address as the Rn-bit row address ROW[Rn-
1:0]; and

arranging the memory address from an MSB to an L.SB as
the Rn-bit row address ROW[Rn-1:0], the Bn-bit bank
address BA[Bn-1:0], the second-part bank group
address BG[Gn-1:y], the second-part column address
COL[Cn-1:x], the first-part bank group address BG[y-
1:0], and the first-part column address COL[(x-1):0].

11. The method according to claim 6, wherein the DDR
DRAM is a DDR4 DRAM.

12. A method for generating a memory address, for
addressing a DDR DRAM, comprising:

determining a memory address of the DDR DRAM, the

memory address comprising a bank group address;

determining a burst length of the DDR DRAM to be L,

where L=2";

receiving a system address; and

setting an (x+1)” bit from an LSB of the system address

to be comprised in the bank group address of the
memory address; wherein, [ and x are positive integers.

13. The method according to claim 12, wherein the DDR
DRAM is a DDR4 DRAM.

14. The method according to claim 12, wherein the
memory address further comprises an Rn-bit row address, a
Bn-bit bank address, the Gn-bit bank group address, and a
Cn-bit row address; wherein, Rn, Bn, Gn and Cn are positive
integers.

15. The method according to claim 14, further compris-
ing:
setting [(x-1):0] bits of the system address as a first-part

column address COL[(x-1):0]; and

setting [(x+Gn-1):x] bits of the system address as the

Gn-bit bank group address BG[Gn-1:0].

16. The method according to claim 15, further compris-
ing:
setting [(Cn+Gn-1):(x+Gn)] bits of the system address as

a second-part column address COL[Cn-1:x];
setting [(Cn+Gn+Bn-1):(Cn+Gn)] bits of the system

address as the Bn-bit bank address BA[Bn-1:0];
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setting [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] bits of the
system address as the Rn-bit row address ROW[Rn-
1:0]; and
arranging the memory address from an MSB to the LSB
as the Rn-bit row address ROW[Rn-1:0], the Bn-bit
bank address BA[Bn-1:0], the second-part column
address COL[Cn-1:x], the Gn-bit bank group address
BG[Gn-1:0], and the first-part column address COL
[(x-1):0].
17. The method according to claim 14, further compris-
ing:
setting [(x-1):0] bits of the system address as a first-part
column address COL[(x-1):0]; and
setting [(x+y-1):x] bits of the system address as a first-
part bank group address BG[y-1:0], where y is a
positive integer smaller than or equal to Gn.
18. The method according to claim 15, further
comprising:

10

15
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setting [(Cn+y-1):(x+y)] bits of the system address as a
second-part column address COL[Cn-1:x];

setting [(Cn+Gn-1):(Cn+y)] bits of the system address as
a second-part bank group address BG[Gn-1:y];

setting [(Cn+Gn+Bn-1):(Cn+Gn)] bits of the system
address as the Bn-bit bank address BA[Bn-1:0];

setting [(Cn+Gn+Bn+Rn-1):(Cn+Gn+Bn)] bits of the
system address as the Rn-bit row address ROW [Rn-
1:0]; and

arranging the memory address from an MSB to the LSB
as the Rn-bit row address ROW[Rn-1:0], the Bn-bit
bank address BA[Bn-1:0], the second-part bank group
address BG[Gn-1:y], the second-part column address
COL[Cn-1:x], the first-part bank group address BG[y-
1:0], and the first-part column address COL[(x-1):0].
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